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Polymorphisms 1n the STK39 gene encoding SPAK [STE20 (sterile
20)/SPS1-related proline/alanine-rich kinase] have been identified as
hypertension susceptibility genes 1n humans. SPAK interacts with WNK
[With-No-Lysine (K)] kinases 1 and 4 to regulate ionic transporters,
Na'™-(K")-(2)C1" [N(K)CC]. Mutations in WNKI and 4 and N(K)CC can cause changes
in blood pressure and dyskalemia in humans. To elucidate the physiologic

role of SPAK 72 vivo, we generated and analyzed SPAK-null mice by targeting



disruption of exons 9 and 10 of SPAK. Blood pressure, aortic contractility,
blood and urine electrolytes and biochemistries, and relevant protein
expression 1n the kidneys and aortic tissues were examined. Compared with
SPAK" mice littermates, SPAK” mice exhibited hypotension without
significant electrolyte abnormalities while the SPAK’ mice not only
exhibited hypotension but also recapitulated Gitelman s syndrome (GS) with
hypokalemia, hypomagnesemia, and hypocalciuria. In the kidney tissues of
SPAK”" mice, the expression of total and phosphor (p-)NCC was markedly
decreased but that of p-OSR1, total NKCC2 and p-NKCC2 was significantly
increased. In aortic tissues, both SPAK"" and SPAK”’ mice had impaired
response to phenylephrine (a selective a:-adrenergic agonist) and
bumentanide (a NKCC1 inhibitor). While total NKCCI expression was increased,
p-NKCC1 was decreased. Thus, SPAK-null mice have defects of NCC in the
kidneys and NKCC1 in the blood vessels, leading to hypotension through renal

salt wasting and vasodilatation. SPAK may be a promising target for

anti-hypertensive therapy.
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We have i1dentified a novel homozygous nonsense mutation (W516X) in the
kidney-type electrogenic sodium bicarbonate cotransporter (NBCl) 1n a
Chinese girl with isolated proximal tubular acidosis (pRTA). To specifically
address the pathogenesis of this nonsense NBCl mutation, we created the NBCI
W516X knock-in mice corresponding to human W516X mutation. NBC1 mRNA and
protein expression in the kidneys of NBCI™™® and NBCI"™™ mice were
virtually absent, i1ndicating that nonsense-mediated mRNA decay (NMD) 1s
involved in the defective transcription and translation of this mutation.
NBC1™' ™™ mice recapitulated the phenotypes of this patient with growth
retardation, pRTA, and ocular abnormalities, but also showed anemia, several
organ abnormalities, and early lethality before weaning. In 1solated renal
proximal tubules, both NBCl activity and the rates of bicarbonate absorption
were markedly reduced in NBCI™®™ mice. Unexpectedly, there was no
compensatory increase in mRNA expression of distal nephron anion exchanger
1 (AE1), a4 and Bl subunits of H-ATPases. Alkali but not saline administration
in NBC1™' "™ mice markedly prolonged the survival time well beyond weaning,
dramatically decreased protein catabolism, and attenuated the other organ
abnormalities. The prolonged survival with alkali therapy uncovered the

WSI6X/WS16X -
mice.

development of corneal opacities due to corneal edema in NBCI
These results, for the first time to our knowledge, directly revealed that

NBCI 1s essential for the bicarbonate absorption from renal proximal tubules

as well as for the maintenance of corneal transparency and hydration.
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NBC1"™' ™™ mice with pRTA may represent an animal model for metabolic acidosis
and be useful for testing therapeutic inhibition of NMD 7z vivo.
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